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PROCEDURES  FOR  COLLECTION  OF  RELIABILITY, 
AVAILABILITY,  AND  MAINTAINABILITY  DATA 
ON  ELECTRICAL  AND  MECHANICAL  SYSTEMS 


1 INTRODUCTION 


Background 

Generally,  the  Corps  of  Engineers  builds  facilities  and  releases 
them  to  a user;  however,  there  is  rarely  a return  of  information  on  such 
critical  aspects  as  operation  and  maintenance  (O&M)  experience,  failure 
frequencies,  recorded  lifetime,  replacement  rates,  wear  rates,  per- 
formance experience,  or  other  indications  of  a facility's  quality  or  ef- 
fectiveness. District  Engineer  personnel  need  information  on  vrfiich  to 
base  reliability,  availability,  and  maintainability  (RAM)  estimates  for 
electrical  and  mechanical  equipment  and  systems  (EMS).  This  information 
and  the  calculated  RAM  estimates  are  required  to  improve  future  selec- 
tion of  equipment  and  systems  specified  for  use  in  military  construction 
Army  (MCA)  projects. 

Data  acquisition  is  a long  lead-time  item.  Experience  on  past 
projects  has  demonstrated  that  procedures  required  to  translate  and 
reduce  RAM  and  EMS  data  have  been  the  most  costly  and  time-consuming 
operations  of  the  total  data  acquisition-reduction-processing-analysis 
function.  However,  during  the  R&D  studies  on  the  SAFEGUARD  System,1 
considerable  failure  and  repair  data  were  accumulated  on  engine-gener- 
ator sets  and  on  related  power  plant  equipment.  The  data  contributed 
significantly  to  important  reliability  estimates  and  logistics  and  man- 
power planning. 

Data  to  be  collected  for  analyzing  RAM  falls  into  three  categories: 
(1)  historical  data,  (2)  present  data,  and  (3)  future  data. 

Historical  data  is  available  now;  it  is  recorded  manually,  usually 
on  sets  of  forms,  each  of  which  is  designed  to  provide  operation  and 
maintenance  (O&M)  personnel  with  information  about  their  duties.  Fre- 
quently, individual  manual  systems  have  been  developed  and  used  to  con- 
trol , manage,  and  schedule  separate  maintenance  operations.  Normally, 
reports  on  operations  must  be  prepared  periodically  (usually  monthly) 


^ Booz,  Allen,  Applied  Research,  Inc.,  Data  Systems  Procedures.  AD871151L 
(Department  of  the  Army,  May  1970). 
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for  management  review  and  assessment;  however,  with  the  current  data 
recording  method,  the  costs  of  spare  parts  and  supplies  may  not  be  seg- 
regated for  accounting  purposes  in  a fashion  that  is  amenable  to  anal- 
ysis. 


Present  data  uses  the  same  collection  methods  as  historical  data. 

Future  data  is  data  that  will  be  available  and  for  wh i c h better 
collection  systems  should  be  developed. 

Within  the  Army,  the  information  vrfiich  provides  the  needed  data  is 
obtained  by  the  Facility  Engineer,  however,  the  reports  currently  re- 
quired to  record  this  data  are  not  detailed  enough  to  provide  sufficient 
information  for  a RAM  analysis.  Redirection  and  expansion  of  the  re- 
porting procedures  are  necessary  to  assure  provision  of  adequate  data  in 
the  future. 

Military  facilities  are  becoming  increasingly  dependent  on  EMS  for 
accomplishing  their  assigned  mission  tasks;  as  a result,  the  RAM  factors 
associated  with  EMS  and  their  components  have  become  equally  important. 
RAM  factors  indicate  that  assigned  EMS  tasks  can  be  accomplished  within 
the  specified  mission  time  under  specified  environmental  conditions 
without  failure,  and  without  injury  to  operating  personnel.  These  re- 
quirements have  become  especially  important  for  EMS  involved  in  hazard- 
or  risk-type  missions,  i.e.,  electrical  systems,  lighting  systems, 
equipment-handling  systems,  transportation  systems,  and  chemical-han- 
di ing  systems. 2 


Problem  Statement 


There  is  a need  for  an  orderly  process  of  obtaining  and  using  field 
experience  information  to  improve  the  quality  and  to  facilitate  the 
design  of  military  facilities.  A cost-effective  means  of  acquiring  RAM 
data  for  EMS  in  military  installations  is  essential  to  improve  a facil- 
ity's ability  to  function  as  designed,  and  therefore  its  performance. 
Fulfilling  this  requirement  will  provide  District  Engineer  personnel 
with  operating  experience  data  on  the  frequency  of  normal  maintenance, 
repair,  and  replacements  of  facility  components.  This  capability  can  be 
used  to  improve  future  designs  for  military  facilities,  particularly 
those  having  specific  RAM  requirements.  The  anticipated  data  will 
enable  effective  selection  of  facility  components. 


2 


Booz,  Allen  Applied  Research,  Inc., 
(Department  of  the  Army,  May  1970). 


Data  Systems  Procedures.  AD871151L 
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The  Facility  Engineer  also  needs  RAM  information  to  provide  a firm 
basis  for  budgeting  el ectrical /mechanical  equipment  maintenance  and  to 
schedule  manpower,  equipr  nt,  and  overhaul  and  replacement  requirements. 
Adequate  data  will  permit  knowledgeable  decisions  regarding  system 
availabil ity-rel iabil ity  estimates,  maintenance  policies,  and  manpower 
requi rements. 


I 


Objective 

The  objective  of  this  work  was  to  develop  methods  for  acquiring  and 
storing  information  necessary  for  making  RAM  assessments  or  estimates  of 
EMS  for  military  facilities. 


The  following  work  was  conducted  to  accomplish  this  objective: 

1.  Review  current  analytical  techniques  used  to  assess  RAM  and 
life  cycle  cost  (LCC)  factors,  electrical  and  mechanical  systems,  and 
equipment  to  identify  required  data  types. 

2.  Determine  system  types  and  equipment  installations  involved  in 
military  facilities  and  evaluate  these  to  ascertain  if  any  or  all  are 
critical  to  facil ity  operations. 

3.  Identify  data  types  available  from  historical  records  to  pro- 
vide direction  for  developing  manual  data  collection  methods. 

4.  Evaluate  current  data-recording  methods  used  on  existing  sys- 
tems and  equipment  instal 1 at  ions  within  fixed  mil  itary  installations  to 
develop  a data-acqui sition  system. 

5.  Identify  current  data  sources  which  may  be  used  for  assessing 
EMS  to  provide  a ready  source  of  data,  and  to  provide  guidance  in  devel- 
oping a new  EMS-RAM  data  bank  which  can  be  accessed  either  manually  or 
mechanical ly. 

6.  Evaluate  the  requirements  for  making  a totally  manual,  statis- 
tically supported  RAM  data  base;  compare  this  method  with  the  Data  Pro- 
cedure methodology  developed  by  Booz,  Allen  Applied  Research,  Inc. 
(BAARINC)  for  OCE  to  establish  a confidence  level  for  the  manual  method. 
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/.  Develop  a manual  method  which  would  not  use  preformatted,  ma- 
chine-readabl e forms. 

8.  Prepare  machi ne-readabl e,  preformatted  forms  to  be  used  for 
source-data  acquisition  of  RAM-type  data  and  vrtiich  would  be  compatible 
with  manual  methods. 

9.  Develop  data  analysis  techniques  which  would  be  used  to  convert 
raw  RAM  and  LCC  data  to  statistically  analyzed  data  by  either  manual 
and/or  machine-aided  processes. 

10.  Determine  the  best  method  for  storing  and  retrieving  statisti- 
cally analyzed  RAM  and  LCC  data  by  either  manual  or  mechanical  pro- 
cesses. 

11.  Recommend  the  best  manual  and/or  mechanical  procedure  for 
making  EMS-RAM  assessment. 


Out! ine  of  Report 

Chapter  2 presents  the  type  of  data  identified  as  necessary  for 
making  RAM  evaluations,  and  Chapter  3 provides  the  data  sources  and  the 
value  and  limitations  of  these  sources.  Chapter  4 outlines  the  methods 
of  data  collection  which  were  evaluated  and  discusses  their  use  for  ob- 
taining historical  and  present  data.  Chapter  5 outlines  and  evaluates 
future  data  collection  methods;  Chapter  6 recommends  the  methods  thought 
to  be  most  feasible  to  provide  the  most  usable,  accurate  data  and  esti- 
mates the  cost  of  the  recommended  system.  Chapter  7 outl ines  the  advan- 
tages of  using  an  automated  system,  and  Chapter  8 discusses  the  equip- 
ment needed  for  such  a system.  Chapter  9 defines  manpower  requirements 
for  an  automated  system;  Chapter  10  outlines  a recomnended  data  bank  or- 
ganization and  defines  the  central  clearinghouse  operation. 

Methods  of  analyzing  data  are  not  presented  here;  however.  Appendix 
A lists  references  for  analytical  techniques.  Appendix  B presents  form 
samples. 


Mode  of  Technology  Transfer 

This  report  constitutes  the  technology  transfer  for  this  work. 
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2 TYPES  OF  DATA  REQUIRED 


The  data  required  to  determine  RAM  factors  for  EMS  include  the 
chronological  history  of  operation,  failure  events,  and  preventive  and 
restoration  maintenance  events.  The  RAM  factors  of  EMS  and  their  com- 
ponents are  not  readily  available  to  District  design  engineering  person 
nel  for  preparing  the  technical  provision  for  EMS  procurement  specifica 
tions. 

The  construction  activities  of  Army-wide  military  facilities  were 
reviewed  to  identify  those  risk-  or  hazard-oriented  activities  which  in 
volve  the  use  of  EMS  and  their  components.  Lists  of  components  have 
been  prepared  which  are  hazard-  or  risk-oriented,  and  this  data  will  be 
required  for  assessing  the  RAM  and  LCC  of  EMS. 

This  review  indicated  that  the  critical  systems  are: 

1.  Power  generation 

2.  Electrical  distribution 

3.  Lighting 

4.  Heating  boilers 

5.  Chillers 

6.  Air-handling  equipment 

7.  Controls 

8.  Water  treatment 

9.  Fuel  supply. 

The  list  of  hazardous  systems  for  RAM  assessment  input  was  pre- 
sented in  a previous  CERL  report.3  This  data  list  is  provided  for  all 
14  systems  listed  in  that  report  without  regard  to  priority  or  to  exclu 
sions  of  systems  such  as  sewage,  firefighting,  and  communications. 


E.  M.  Takemori,  Mission  Critical  Electrical -Mechanical  Systems  in  Mil 
itary-Constructed  Facilities,  Unpublished  Report  C-23  (CERL,  January 


3 AVAILABLE  SOURCES  OF  DATA 


Available  RAM  data  sources  include  military  and  industrial  records 
from  operating  EMS,  and  manufacturers'  specifications.  Appendix  A con- 
tains a list  of  data  sources.  Since  the  information  required  is  not  all 
numerical  and  much  of  it  is  handwritten,  it  may  be  difficult  to  identify 
and  chronologically  classify  failure  and  maintenance  events. 

Military  records  are  confined  to  a 2-year  period,  which  limits  the 
data's  validity.  The  number  of  failures,  maintenance  actions,  and  over- 
haul times  during  that  period  may  be  insufficient  to  provide  valid  in- 
formation. For  instance,  where  failures  and  maintenance  actions  oc- 
curred over  a 3-year  period,  but  the  data  for  the  third  year  is  not 
available,  the  information  is  incomplete,  and  confidence  in  the  use  of 
such  data  may  be  reduced. 

Procedures  developed  for  acquiring  available  data  include  obtaining 
information  from  EMS  manufacturers,  i.e.,  obtaining  the  names  and 
locations  of  civilian  users.  Questionnaires  have  been  developed  for  ob- 
taining other  information  from  the  manufacturer,  including  character- 
istics of  the  equipment  and  maintenance  information.  The  same  approach 
has  been  developed  for  obtaining  data  from  industrial  installations. 

Records  from  the  Finance  and  Accounting  Office  are  available;  how- 
ever, this  information  would  be  useful  mostly  for  checking  parts  inven- 
tory and  for  indicating  a component's  frequency  of  repair  and  the  time 
required  to  repair  it.  Since  this  information  is  mostly  for  replacement 
parts,  it  does  not  provide  significant  information  for  RAM  analysis. 


4 
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L\  DATA-COLLECTION  METHODS  (HISTORICAL  AND  PRESENT) 


The  method  expected  to  be  used  for  data  retrieval  and  analysis  de- 
termines what  methods  will  be  developed  for  collecting  historical  and 
present  data.  In  most  cases,  the  format  for  recording  the  data  is  not 
suitable  for  rapid  collection.  Getting  data  into  a recordable  format 
would  require  revising  the  operating  forms  containing  the  chronological 
order  of  events  and  load  profiles.  It  would  also  necessitate  combining 
an  operating  form  with  a maintenance  form  to  reduce  the  number  of  docu- 
ments handled  and  to  enable  chronological  arrangement  of  the  failure  and 
maintenance  activities. 

Past  methods  of  source  data  collection  that  were  useful  for  design, 
RAM,  and  LCC  analysis  have  been  dictated  primarily  by  operational  and 
facility  management  considerations.  The  procedures  usually  employed  to 
correlate  the  many  and  diverse  data  elements  necessary  for  comparative 
design  analysis,  and  for  RAM  and  LCC  analysis,  have  been  K-und  to  be 
costly,  time-consuming,  and  nonresponsi ve  to  the  usual  time-frame  allow- 
able for  District  operations.  For  example,  some  types  of  data  col- 
lection require  high  manpower  and  experience  levels  for  retrieval  and 
analysis.  Studies  have  shown  that  there  is  a high  degree  of  commonality 
between  the  data  elements  necessary  for  RAM  analysis  and  those  for  LCC 
analysis.  The  technique  of  any  proposed  data-col lection  method  should 
be  able  to  improve  and/or  reduce  the  data-recording  efforts  of  facility 
operational  personnel. 


New  Data-Col lection  Methods 


Several  areas  of  investigation  have  been  pursued  to  facilitate  data 
col  1 ection: 

1.  Developing  a single  set  of  data  elements  that  are  ordered  in  a 
fixed  format. 

2.  Developing  a method(s)  of  source  data  recording  and  entry  which 
(1)  is  compatible  with  the  types  of  environments  involved;  (2)  will  pro- 
vide hard  copies  of  data  entered  for  operational  usage;  and  (3)  will 
provide  means  for  automatically  (machine)  generating  the  data  element 
set  developed  in  Method  No.  1 (explained  above). 

3.  Achieving  the  capability  of  adapting  the  combination  of  methods 
and  data  element  sets  for  performing  the  required  analysis  so  that  (1) 
the  labor  and  time  required  for  analyzing  historical  records  are  re- 
duced; and  (2)  present  facility  maintenance  recordkeeping  procedures  are 
observed. 
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4.  Achieving  compatibility  with  operational  practices  and  designs 
for  future  automated  power  plants  and  EMS  systems.  Extensively  used 
variations  of  this  technique  are  (1)  microfilming,  (2)  combining  and  or- 
dering onsite  operational  records,  (3)  manually  extracting  the  pertinent 
data  elements,  and  (4)  placing  these  data  elements  in  the  required  data 
format  for  analysis.  The  cost  of  this  technique  was  determined  to  be  60 
cents  per  frame. 

This  investigation  has  completed  a consolidated  set  of  data  ele- 
ments and  revised,  for  RAM  analysis,  the  data  format  of  Office  of  the 
Chief  of  Fngineers  (OCE)  Form  I to  include: 

1.  Diagnosed  reliability  factor 

2.  Confidence  level 

3.  Performance  requirement 

4.  Stress  level s. 

The  data  elements  in  OCE  Form  II  have  been  reorganized  into  the  catego- 
ries of: 


1.  Card  col  1 ation  data 

2.  Event  collation  data 

3.  Repair  statistical  data 

4.  Operating  cost  data. 

The  revised  Forms  I and  II  have  been  given  the  acronym  "CRAM"  to  reflect 
the  incorporation  of  the  necessary  data  elements  to  provide  for  RAM  and 
LCC  analysis  (see  Figures  1,  2,  and  3).  Form  II  data  records  cannot  be 
completed  on  the  basis  of  single,  complete  entries,  since  the  source 
data  will  come  from  maintenance  logs,  monthly  summary  reports,  time 
cards,  fuel  consumption  meters,  and  accounting  records.  Instead,  they 
require  multiple  entries,  based  on  raw  data  from  different  sources  at 
different  times.  It  is  therefore  necessary  to  build  into  the  source- 
data  collection  method  an  ability  to  enter  such  discrete  segments  of 
data  and  to  categorize  such  segments  automatically.  To  facilitate  the 
record  search  and  updating  operations,  columns  1 through  19  (Form  II, 
Figure  3)  have  been  allocated  as  various  identifiers  which  would  be 
common  to  all  Form  II  program  cards  associated  with  a specific  equipment 
item.  The  remaining  61  columns  are  used  for  the  individual  data  ele- 
ments. 

The  development  of  methods  for  source-data  collection  and  recording 
recognizes  that  the  major  prerequisites  for  a successful  overall  ap- 
proach are  the  provisions  for  greater  flexibility,  response  to  varying 
environmental  conditions,  and  to  the  needs  of  operational  personnel. 
Several  more  efficient  techniques  have  been  developed  for  recording  data 
in  various  operational  environments  at  their  sources. 
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DATA  ELEMENT  TYPES 
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Figure  1.  C RAM  Data  Form  II  Element  Type  Analysis,  part 
(card  collation  and  event  collation). 


Figure  2.  CRAM  Data  Form  II  Element  Type  Analysis,  Part  2 
(repair  statistical  data  and  operating  costs). 


Figure  3.  CRAM  Data  Form  II. 


Data  Recording 

To  record  the  meter  readings  required  for  load-profile  data  in  the 
operating  room  and  in  the  engine-generator  plant,  a digital  cassette 
type  of  recorder  can  be  used.  Data  entered  in  such  a digital  recorder 
can  be  re-entered  into  a memory  system  automatically.  To  record  data  at 
a maintenance  dispatching  area,  neither  an  audio  cassette  or  a manual 
data  entry  can  be  used;  a console  operator  transcribes  such  data.  To 
record  data  at  more  external  sources,  either  manual  entry  or  audio  cas- 
sette techniques  can  be  used.  The  objective  is  to  eventually  replace 
manual  entry  techniques  entirely;  however,  during  transitional  periods, 
the  methods  now  being  used  will  be  accomnodated  with  this  type  of  ap- 
proach. Translating  such  recorded  data  to  hard  copy,  and  simultaneously 
entering  it  permanently  into  a machine-readable  format  will  be  effected 
by  a relatively  inexpensive  type  of  minicomputer  information  process  or 
terminal  apparatus  having  flexible  input  and  output  capabil ities.  Esti- 
mating costs  for  collecting  historical  and  present  data  will  probably  be 
25  to  40  cents  per  data  frame. 

The  available  data-col 1 ection  methods  which  were  experimentally 
verified  are: 

1.  Manual  entry  on  forms.  This  method  must  be  compatible  with 
system  operation.  Tne  operating  personnel  must  be  able  to  maintain 
present  data  recording  and  presentation  methods  to  insure  smooth  transi- 
tions between  present  and  newer  methods;  this  capability  must  be  pro- 
vided so  the  overall  system  can  be  used  on  historic  records. 

2.  Audio  cassette  recorders.  This  method  is  used  in  environments 
where  noise  considerations  are  not  controlling;  its  use  must  be  combined 
with  data  formats,  so  that  data  elements  are  entered  in  correct  order. 

3.  Punched  card  method.  This  technique  is  used  to  collect  data  in 
such  field  environments  as  external  electrical  distribution  systems. 

The  punch-card  method  can  be  used  to  collect  EMS  data  to  build  a data 
base  for  assessing  RAM.  The  card  is  prepunched  with  the  equipment  ID 
number,  facility  ID  number,  and  system  number.  If  a failure  is  noted  on 
the  system  or  equipment,  the  respective  prepunched  card  is  selected  (if 
weather  conditions  permit,  the  card  is  located  at  the  site  and  on  the 
equipment),  and  the  desired  information  is  handwritten  on  the  pre- 
formatted card  (such  as  date  and  time  of  occurrence,  type  of  failure  as 
denoted  by  BAARINC,  and  if  available,  present-hour  meter  reading).  Then 
the  card  is  keypunched  for  computer  application.  The  problem  with  this 
method  is  that  if  there  are  1000  different  items,  there  will  have  to  be 
1000  different  prepunched  cards  at  the  site.  The  BAARINC  method  uses  a 
minimum  of  two  cards  for  each  item  to  satisfy  total  RAM  input  data. 
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4.  Digital  cassette  recorder.  This  technique  is  useful  in  noisy 
environments  and  is  designed  to  be  used  with  the  forms  normally  used  in 
data  collection;  the  data  elements  are  keypunched  in  the  correct  order. 
The  proposed  recorder  presents  a visual  display  of  the  data  for  checking 
purposes  before  it  is  entered  on  the  cassette.  A major  advantage  of 
this  technique  is  that  after  the  operator  places  the  correct  permanent 
tape  in  the  console,  the  information  on  the  digital  recorder  cassette 
can  be  entered  automat ical 1 y as  a permanent  record  without  transcription 
by  the  operator. 

5.  Dual  removable  disk  drive  unit.  The  dual  removable  disk  drive 
unit,  or  a disk  file,  uses  a flat  disk  for  storing  digital  information. 
It  uses  an  el ectromagnetic  storage  medium  and  heads  that  operate  simi- 
larly to  tape  recorder  and  playback  heads.  This  method  is  probably 
better  than  using  cassette  tapes  because  there  is  more  storage  capacity 
and  the  disks  have  greater  random-access  capability.  This  method  re- 
duces the  time  required  to  provide  a hard-copy  report  from  15  to  30 
minutes  to  3 to  5 minutes.  In  addition,  the  operator  will  not  have  to 
change  the  storage  file  as  frequently. 

6.  Digital  modem  recorder.  A digital  modem  recorder  or  modu- 

l ator/demodul  ator  accepts  signals  and  modulates  or  impresses  the  infor- 
mation on  a carrier  signal.  At  the  other  end  of  the  circuit,  it  re- 
verses the  process  that  recovers  the  information.  This  technique  is 
useful  for  noisy  environments  where  large  numbers  of  data  elements  must 
be  transmitted  to  a more  permanent  recordkeeping  facility.  Its  oper- 
ation is  similar  to  that  described  for  the  digital  cassette  recorder, 
except  that  the  digital  modem  is  patched  directly  into  the  console  with 
a telephone  line,  and  the  data  elements  are  entered  directly  into  the 
console  permanent  record  tape. 


Organization  of  a Minicomputer  System 

Many  minicomputer  systems  have  been  developed  which  can  be  pur- 
chased at  prices  ranging  from  approximately  $6000  to  $9000,  depending  on 
the  individual  capabilities  and  provisions  desired.  Figure  4 illus- 
trates a system  for  collecting  historical  and  present  data. 

The  Wang  System  2200  has  been  used  experimentally  in  the  field. 
Communications  among  as  many  as  two  to  four  such  systems  can  be  accommo- 
dated at  one  location,  using  telephone  lines  and  modems.  It  is  also 
possible  for  one  installation  having  this  system  to  communicate  with  a 
remote  location.  This  type  of  coimuni cat  ions  system  could  be  used  in 
situations  like  that  of  the  hospital  and  the  Facility  Engineer  Office  at 
Fort  Hood,  TX.  The  system  2200  consists  of  a console;  a combining  and 
interactive  display  screen  (CRT);  a normal  typewriter  keyboard  that  is 
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Figure  4.  Optional  methods  of  source  data  collection  and  information 
storage  and  processing. 


equipped  with  additional  keying,  display  and  cursor  indication,  a core 
memory,  and  a power  supply  box;  and  either  a typewriter  or  line  printer 
for  providing  hard  copy.  The  modem  provides  for  commun ications  between 
the  remote  location  and  the  base. 

An  important  feature  of  this  system  is  that  the  programming  lan- 
guage is  BASIC. 

The  console  can  accommodate  two  digital  memory  cassettes.  Une  of 
these  provides  interrogative  and  data  formats.  For  example,  the  parame- 
ters that  must  be  entered  into  the  data  base  such  as  date,  time,  oper- 
ating status,  and  maintenance  performed  are  input  to  the  computer  termi- 
nal. These  subsequently  appear  as  questions  to  the  personnel  entering 
the  data.  The  acquired  data  elements  are  overlaid  on  the  second  cas- 
sette. A standard  form  was  transcribed  to  machine  format  for  a System 
2200  to  record  data;  this  system  includes  provisions  for  interrogative 
and  data-error  checking.  A normal  8 x 10-1/2  in.  form  can  be  tran- 
scribed in  approximately  4 hours.  Appendix  B provides  an  example  of  a 
transcribed  form.  The  Wang  system  has  two  additional  capabilities  for 
collecting  and  recording  historical  and  present  data  --  data  reporting 
and  trend  analysis. 

Data  Reporting 

The  data-reporting  section  consists  of  a set  of  cassettes.  These 
cassettes  contain  all  records  included  on  the  first  page  of  the  manual 
system  (Form  1);  as  the  maintenance  actions  are  completed,  they  are 
recorded  on  that  set  of  cassettes.  Hard  copies  of  forms  on  wh i c h new 
entries  have  been  made  can  be  provided  to  maintain  present  procedures. 

Trend  Analyses 

The  major  reasons  for  requiring  hourly  entries  for  readings  of 
operators  logs  and  similar  reports  ? e (1)  to  insure  that  the  important 
monitoring  points  are  visually  inspt  ,jd  on  an  hourly  basis,  and  (2)  to 
provide  information  on  trends  of  critical  data.  Usually,  these  logs  are 
examined  by  supervisors  at  the  beginning  o > 'hift  to  determine  if  ac- 
ceptable limits  of  the  readings  are  being  appioached;  this  will  deter- 
mine whether  corrective  actions  are  necessary.  If  there  is  visual  in- 
spection of  the  meters,  it  would  be  possible  to  reduce  the  requirement 
for  entering  such  data  on  an  hourly  basis.  Then,  on  the  basis  of  infor- 
mation entered  every  2 hours,  for  example,  trend  analyses  and  actual 
data  plots  could  be  performed  automatically  and  presented  for  exam- 
ination. As  an  interim  measure,  the  hourly  recordings  could  be  made 
manually;  in  addition,  provisions  could  be  made  for  entering  any  number 
of  strings  of  data  points  into  the  system,  and  for  performing  trend 
analyses  on  such  data,  complete  with  display  plots. 
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This  computerized  system  for  source  data-collection,  data  record- 
ing and  storage  of  historical  and  present  data  is  completely  flexible. 
It  is  compatible  with  techniques  for  collecting  source  data  both  manu- 
ally (on  forms)  and  automatically  (transcription).  It  allows  data  to  be 
consolidated  discreetly  (i.e.,  item  by  item)  into  prescribed  data  for- 
mats for  later  analysis  whenever  it  is  available. 


5 FUTURE  DATA-COLLECTION  METHODS 


Current  Problems 

Manual  methods  of  collecting,  storing,  retrieving,  and  analyzing 
data  have  the  following  deficiencies: 

1.  Analysis  results  frequently  indicate  that  detailed  data  is  re- 
quired over  longer  time  periods;  this  data  may  or  may  not  be  available, 
or  may  require  more  investigation  to  acquire. 

2.  Analysis  is  costly  and  time-consuming  and  requires  highly 
trained  and  experienced  personnel  to  interpret  and  place  data  into  the 
necessary  formats. 

3.  Facility  operational  or  maintenance  personnel  cannot  obtain 
rapid  indications  of  potential  long-term  problems. 

4.  Timeliness  of  results  is  questionable. 

Analyses  of  recorded  data  are  necessary  (a)  to  optimize  design,  (b) 
to  compare  available  equipment  for  procurement  purposes,  and  (c)  to  com- 
pare forecasts  of  a facility's  RAM  characteristics  for  mission  avail- 
ability with  those  of  mission  requirements.  (Appendix  A provides  a 
number  of  sources  for  data  analysis.) 


Future  Improvements 


Automatic  data  recording  and  reporting  will  probably  be  required  in 
future  installations.  Because  of  equipment  costs,  normal  EMS  installa- 
tions will  not  be  able  to  use  redundancy  techniques  and  paralleled 
equipment  units  at  critical  points  in  the  system.  Future  installations 
will  probably  use  automated  control  and  monitoring  techniques  and  pre- 
sumably depend  less  on  manual  operations  and  maintenance  methods.  Thus, 
the  possibilities  of  unattended  operation  will  be  exploited,  and  re- 
sponse times  to  failure  conditions  will  be  improved.  It  is  anticipated 
that  these  improved  means  of  acquiring  source  data  will  reduce  the  cost 
of  data  acquisition,  reduction,  analysis,  storage,  and  retrieval  pro- 
cedures by  2 to  5 cents  per  data  frame. 


Advances  in  controls  and  instrumentation  technology  have  made 
analog  control  devices  less  acceptable.  New  methods  have  been  developed 
for  accurately  controlling  and  monitoring  most  parameters  of  power 
plants  by  digital  methods.  The  increased  requirements  for  energy  con- 
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necessitated  the  development  of  better  control  systems  and  the  means  to 
adapt  existing  digital  technology  to  such  controls. 


1 


Design  criteria  for  the  construction  of  military  facilities  (in- 
cluding power  plants)  vrfiich  require  digital  controls  will  also  provide 
for  automated  data-col lection  systems  interfaced  with  the  control  system 
and  with  the  automated  energy-control  systems. 
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6 RECOMMENDED  COLLECTION  METHODS 


The  recoimtended  methodology  for  collecting  historical  data  is  de- 
fined by  BAARINC  and  the  Bechtel  Corporation. lt  These  organizations  rec- 
ommend that  all  records  relating  the  equipment  should  be  microfilmed; 
the  events  offsite  are  then  reconstructed  because  the  necessary  data  to 
support  RAM  and  LCC  studies  are  kept  in  various  records  within  a facil- 
ity. 

The  following  are  recommended  data  collection  techniques: 

1.  Maintain  hourly  operating  logs  to  assess  performance  and  to 
note  daily  energy  and  miscellaneous  supply  usage. 

2.  Consult  the  Operating  Engineer's  or  Plant  Foreman's  log  to  de- 
termine whether  the  downtime  was  caused  by  human  or  el ectrical /mechani- 
cal failure,  standby,  idle,  preventive  maintenance,  or  corrective  main- 
tenance action. 

3.  Consult  the  Maintenance  Engineer's  or  Plant  Foreman's  log  to 
determine  the  cause  of  el ectrical /mechanical  failure,  and  to  determine 
the  "total-time-to-restoration"  caused  by  preventive  maintenance,  diag- 
nosis, obtaining  parts,  disassembling  and  reassembling  equipment  for 

el ectrical /mechanical  part  replacement,  and  checkout. 

4.  Use  the  accounting  or  procurement  logs  to  determine  the  cost  of 
repair  parts,  energy  used,  and  miscellaneous  supplies. 

Methodology  for  collecting  both  present  and  future  RAM  and  LCC  data 
from  operating  electrical  and  mechanical  systems  and  the  equipment  re- 
quired to  obtain  and  store  it  has  been  developed;  this  methodology  and 
equipment  can  be  used  both  in  present  systems  and  in  future  automated 
systems. 


4 Booz,  Allen  Applied  Research  Inc.,  Data  Systems  Procedures,  AD871151L 
(Department  of  the  Arrny,  May  1970). 
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Recording  O&M  Data 

When  recording  O&M  data,  several  characteristics  require  consid- 
eration : 


1.  Operational  data,  which  is  used  to  assess  EMS  performance  and 
daily  supply  usage,  is  almost  always  recorded  in  numeric  values;  there- 
fore, current  data  can  be  collected  easily  by  digital  recording  equip- 
ment . 


2.  O&M  data,  which  is  used  to  record  trouble  or  failure,  is  almost 
always  noted  in  comment  form  on  the  operational  log  sheets  and  in  log 
books;  therefore,  this  type  of  data  requires  al phanumeric  recording 
equipment.  This  equipment  can  be  either  portable  or  fixed,  because  the 
operating  engineer  or  foreman  is  usually  located  in  the  central  office. 

3.  Maintenance  data,  which  denotes  action  taken  to  accomplish  work 
specified  by  a maintenance  work  order,  is  usually  noted  in  both  commen- 
tary and  numeric  form.  These  types  of  data  are  not  uniform,  because  the 
work  is  mainly  equipment-dependent;  thus,  there  are  no  standardized 
forms.  This  lack  of  standardization  limits  application  of  direct  ma- 
chine-entry recording  techniques.  Thorough  investigation  indicates  that 
mark-sense  type  data  recording  is  most  suitable  for  this  application, 
because  both  standardized  and  nonstandardi zed  operations  can  be  adapted 
for  each  type  of  equipment. 

The  present  data  acquisition  system  can  be  automated  readily 
because  equipment  and  technology  for  machine  collection  of  the  data  are 
available.  The  methodology  developed  will  cause  minimum  impact  on  exis- 
ting recordkeeping  systems  and  will  supply  the  equipment  user  with  a 
quantity  of  data  never  before  achieved  because  of  a lack  of  adequate 
manpower. 

A system  configuration  recommended  for  collecting  present  and 
future  data  provides  four  major  features;  (1)  a data-recording  system, 
(2)  data  transmission  offsite,  (3)  operational  source-data  reporting, 
and  (4)  a maintenance-record  system. 


Data-Recording  System 

A centrally  located  set  of  terminal  equipment  consisting  of  a data 
terminal  with  an  online  memory  and  a cathode  ray  tube  display  and  key- 
board is  provided.  The  online  memory  is  supplemented  with  flexible 
disks  because:  (1)  the  flexible  disks  will  be  capable  of  storing  all 
the  programs  necessary  to  control  operation  of  the  terminal , and  on  a 
separate  disk,  all  the  data  to  be  entered  into  the  system;  and  (2)  the 
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data  entered  will  be  stored  in  isolated  blocks,  each  of  which  is  perti- 
nent to  one  reporting  form.  A high-speed  line  printer  will  provide  hard 
copies  of  the  data  entered  for  reports  required  periodically.  The  esti- 
mated time  required  to  produce  the  equivalent  of  a completely  filled-out 
manual  form  is  less  than  2 minutes. 


An  optical  reader  (mark-sense  type)  is  also  provided.  Although 
this  equipment  is  used  primarily  to  enter  information  associated  with 
maintenance-data  reporting,  it  can  also  be  used  to  enter  operational 
data.  The  optical  reader  can  operate  directly  through  the  terminal  to 
the  flexible  disk  record  storage. 


Data  Transmission  Off-Site 


A provision  in  the  terminal  equipment  for  a modem,  under  the  con- 
trol of  the  terminal  supplies  a means  of  transmitting  desired  data  off- 
site. The  data  would  be  transmitted  in  the  format  developed;  thus,  com- 
pletely executed  data  that  would  be  equivalent  to  a completely  filled- 
out  manual  report  form  could  either  be  reproduced  in  hard  copy,  or 
stored  in  digital  form  in  a remote  location. 


Operational  Source-Data  Reporting 

Operations  data  which  is  presently  recorded  manually  will  be  re- 
ported by  operators  using  alphanumeric  digital  recorders.  Several 
source-data  recorders  are  available  commercially;  some  are  based  on  cas- 
sette-tape memories,  and  some  on  built-in,  solid-state  memories.  Those 
having  built-in  memories  are  recommended  for  this  application.  The 
number  of  data  records  that  can  be  stored  is  adjustable  so  that  a single 
unit  can  record  all  of  the  hourly  required  readings,  or  a small  number 
of  recorders  can  be  used  for  various  classifications  of  readings.  The 
stored  information  can  be  transferred  automatically  to  the  terminal  by 
telephone  or  by  direct  connection;  it  can  be  transferred  for  remote 
locations  by  using  a modem  unit  and  a telephone  connection. 

It  is  also  feasible  to  use  mark-sense  data  logging  for  certain 
types  of  data.  This  system  could  be  used  to  enter  the  time  of  failure, 
the  time  of  start  of  repair,  the  time  of  repair  completion,  and  the  time 
available  for  use;  both  operations  and  maintenance  employees  could  use  a 
common  reader  and  a common  input  sheet.  The  mark-sense  sheets  could  be 
used  with  an  optical  reader  to  transmit  information  directly  to  the  ter- 
minal . 
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Maintenance-Record  System 

The  manual  recording  system  would  be  replaced,  which  would  provide 
a number  of  advantages  to  the  facility  and  to  OflM  personnel,  and  would 
provide  more  accurate  data. 

The  provisions  for  output  data  of  this  system  are: 

1.  Automatic  display  of  out-of-limit  input  readings 

2.  Hard-copy  information  in  equivalent  formats 

3.  Hard  copy  of  daily  inspection  and  overhaul  schedules 

4.  Hard  copy  of  monthly  summary  information  on  operations 

5.  Parameter  trend  reports  on  critical  equipment. 

Since  between  60  and  80  percent  of  the  data  required  to  complete 
failure-event  analyses  (the  data  represents  the  information  necessary 
for  RAM  evaluations)  are  derivable  from  maintenance-reporting,  the  auto- 
mated system  permits  direct  use  of  recorded  maintenance-system  data, 
which  is  already  formatted  in  the  CRAM  format. 

The  collected  data  can  be  retrieved  automatical ly,  ard  the  required 
analysis  procedures  can  be  documented  and  programmed  by  computer  oper- 
ators. Most  of  the  analysis  time  can  therefore  be  devoted  to  examining 
the  outputs  of  the  computer  runs,  with  only  a minimum  amount  of  time  ex- 
pended for  data  handling  and  ordering. 
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7 ADVANTAGES  OF  AUTOMATED  SYSTEM 


Advantages  to  Facility  Personnel 


Operational  Personnel 

Operators  will  be  able  to  carry  hand-held  digital  recorders  or 
mark-sense  holders,  rather  than  current  data-sheet  formats  which  must  be 
entered  manually.  The  entered  data  are  visible  and  can  be  checked 
against  the  meter  indications  before  they  are  placed  in  temporary  hand- 
held storage.  When  entering  the  hand-held  stored  data  into  the  termi- 
nal , error  checking  and  out-of-limit  indications  permit  rapid  validity 
checks.  Corrections,  if  any,  can  be  implemented  quickly. 

The  operational  workload  for  data  gathering  will  be  reduced  by  at 
least  50  percent  because  of  improved  data-handl ing  and  reporting  tech- 
niques. 

Hard  copy  of  reported  data  will  be  available  on  demand  after  the 
hand-held  stored  data  are  entered  into  the  terminal. 

Indications  of  out-of-limit  conditions  for  reported  data  on  crit- 
ical parameters  will  be  available  as  soon  as  the  hand-held  data  are 
input  into  the  terminal.  The  opportunity  to  review  and  modify  incorrect 
data  will  be  available  at  this  time.  Correctly  entered  out-of-limit 
conditions  will  be  flagged  and  presented  on  hard-copy  reports. 

Operational  reports  will  be  clear  and  legible,  and  if  the  report  is 
inadvertently  damaged,  it  can  be  reproduced  within  minutes. 

Chronological  histories  will  be  developed  automatically  from  daily 
operational  reports. 

Daily  updating  of  inspection  and  overhaul  schedules  of  the  gener- 
ator sets  will  be  provided  automatically,  on  command. 

Monthly  summary  reporting  information  required  by  the  facility  su- 
perintendent about  monthly  operations  will  be  provided  automatically,  on 
command . 

There  will  be  better  coordination  among  activities  of  0AM  personnel 
because  of  improved  coimunications. 
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Maintenance  Personnel 


Out-of-limit  conditions  will  be  indicated  and  identified  immedi- 
ately after  the  reported  data  are  entered  into  the  terminal.  Hard-copy 
reports  of  operational  data  will  flag  indicated  out-of-limits  condi- 
tions. 

Some  preventive  maintenance  tasks  will  be  rescheduled  automatical ly 
during  the  month;  the  remainder  will  be  compared  against  forecasted 
available  manpower,  and  lower  priority  tasks  will  be  shifted  to  the  fol- 
lowing month. 

Preventive  maintenance  tasks  for  the  following  month  will  be  re- 
scheduled automatically  by  comparing  labor  requirements  of  the  executed 
tasks  against  forecasted  available  manpower. 

No  additional  workload  will  be  imposed  on  maintenance  personnel  for 
identifying  and  reporting  corrective  maintenance  tasks. 

Log  forms  and  data-reporting  procedures  for  generator  sets  will 
have  the  same  data-flow  status  as  all  other  maintenance  operations. 

The  reporting  load  of  the  maintenance  foreman  in  charge  of  gener- 
ator sets  will  be  reduced. 

The  monthly  summary  reporting  information  required  by  the  facil- 
ity's Superintendent  for  Maintenance  Activities  will  be  provided  auto- 
matically. 

Trends  of  critical  parameters  will  be  provided  on  command. 

There  will  be  better  coordination  among  the  activities  of  O&M  per- 
sonnel because  of  improved  communication. 

Cost  Reporting  Personnel 

Costs  of  spare  parts  and  supplies  will  be  provided  by  individual 
task,  thus  furnishing  better  information  for  LCC  analysis  and  spare-part 
procurement  planning. 

Historical  trends  will  be  available  after  1 year  or  less  of  oper- 
ation for  forecasting  stocking  requirements  and  reducing  inventories. 
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Supervisory  Personnel 


Reports  will  be  forwarded  to  higher  headquarters  in  a neater  and 
more  legible  form.  The  reports  will  be  prepared  automatically  on 
demand . 

Report  formats  produced  automatically  can  be  legibly  reduced  to  mi- 
crofilm, which  will  alleviate  bulk  record  storage  at  the  facility.  If 
necessary,  originals  can  be  retained  at  a central  archive. 

Information  required  for  a monthly  summary  report  will  be  provided 
automatically  on  demand.  This  will  impose  no  additional  load  on  either 
operations  or  maintenance  personnel. 

The  maintenance  supervisor's  reporting  workload  will  be  reduced, 
thus  allowing  more  time  for  re-examining  personnel  operations  and  devel- 
oping better  preventive  maintenance  techniques. 

Usage  history  of  spare  parts  and  supplies  used  for  maintenance  ac- 
tivities will  be  available  by  month,  which  will  help  justify  ordering 
parts  and  suppl  ies. 

The  flexibility  of  the  automated  system  will  facilitate  mod- 
ifications to  procedures  and  methods. 


Advantages  of  the  Automated  System 
to  Personnel  Requiring  the  Analyse's 


The  following  paragraphs  outline  the  advantages  derived  by  data  re- 
cipients from  the  automated  system: 

The  proposed  automated  system  will  be  adaptable  to  future  facili- 
ties that  use  automated  data  reporting  and  operational  monitoring  equip- 
ment. Interfaces  between  sensors  and  the  data-reporti ng  system  will 
consist  primarily  of  timing  controls.  Out-of-limit  recognition  in  a 
data-reporting  terminal  will  allow  rapid  early  warning  of  possible  trou- 
ble or  failure  in  critical  subsystems.  Automatic  data  logging  and  stor- 
age facilities  will  permit  trend  analyses. 

The  ability  to  transmit  data  stored  on  disks  to  a central  facility 
will  eliminate  present  field  trip  and  microfilming  requirements.  Data 
transmission  will  be  by  telephone  lines  to  a central  location.  In 
remote  locations,  or  in  situations  where  data  may  be  classified,  the 
flexible  disks  will  be  replaced  and  shipped  to  a central  facility  for 
processing. 
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The  new  system  will  simplify  the  analyst's  problem  of  recon- 
structing chronological  histories  for  paralleled  equipment  subsystems, 
because  it  will  record  all  switching  information  automatically. 

Data  elements  relative  to  failure  events  will  be  prearranged  in  the 
correct  analysis  format. 

Responses  to  requests  for  analyses  of  installed  subsystems  for 
either  RAM  or  ICC  evaluations  can  be  answered  on  a more  timely  basis. 

Investigations  and  developments  of  shorter  "sampling  techniques 
for  RAM  analyses  can  be  examined,  based  on  the  availability  of  more 
timely  and  complete  data. 


8 EQUIPMENT  FOR  AUTOMATED  SYSTEM 


t Manufacturers  Surve 


In  support  of  the  methodology  developed  for  data  collection,  a 
vendor  search  was  made  to  identify  manufacturers  of  the  following  types 
of  equipment: 


1.  Portable  hand-held  or  cart-mounted  digital  and  al  phanumeric- 
data-entry  equipment  which  can  store  entered  information  and  later 
transmit  tne  stored  information  to  the  host  minicomputer  which  will  be 
located  at  the  OXM  center. 


2.  Fixed  minicomputer  systems  having  direct  entry  keyboard,  dual 
disk  drive  unit  (one  for  program  and  one  for  storage),  CRT  display,  and 
line  printer;  having  interfaces  to  receive  data  from  portable  digital 
devices  and  from  optical  scanning  equipment;  and  having  an  interface  to 
transmit  stored  data  to  an  offsite  computer  center. 


3.  Optical  scanning  equipment  which  can  recognize  numeric  charac- 
ters and  normal  mark-sense  marking.  (Note:  al pha  character  recog- 
nition, voice  recognition,  and  magnetic-ink  character  recognition  equip- 
ment were  not  seriously  considered  because  the  cost  was  prohibitive  and 
the  state  of  the  art  was  uncertain.) 


The  survey  of  the  data-processing  equipment  manufacturers  included, 
but  was  not  limited  to,  approximately  50  manufacturers.  The  survey  in- 
dicated the  following  information. 


1.  A review  of  vendors  of  portable  hand-held  or  cart-mounted  digi- 
tal recorders  indicated  that  portable  hand-held  devices  are  readily 
available  for  recording  operational  data  and  cost  approximately  $2000  on 
a single-quantity  basis.  Cart-mounted  portable  recorders  were  not  in- 
cluded because  the  price  started  at  $4000. 


2.  A review  of  vendors  of  fixed  minicomputer  systems,  including 
peripheral  equipment,  indicated  that  most  of  the  major  computer  compa- 
nies are  beginning  to  market  these  items  (e.g.,  WANG  System  2200,  IBM 
Model  5100,  Hewlett  Packard  9830,  Data  General,  etc.)  and  that  they  are 
readily  obtainable.  The  minicomputer  with  peripherals  ranges  between 
$20,000  to  $40,000,  based  on  a single-unit  purchase. 
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3.  A review  of  vendors  of  optical  scanning  equipment  indicated 
that  only  one  manufacturer  markets  a unit  suitable  for  data-col 1 ection 
application.  This  is  the  Optical  Scanning  Corporation's  Model  17;  the 
equipment  costs  $11,500,  based  on  a single-quantity  purchase. 


Estimated  Automated-System  Equipment  Costs 

The  estimated  equipment  costs  for  the  automated  system  are  based  on 
informal  quotations  on  equivalent  system  components  from  two  potential 
minicomputer  suppliers.  In  some  cases,  some  equipment  items  originate 
from  the  same  source  for  both  suppliers;  however,  other  potential  sup- 
pliers have  not  been  examined  yet.  The  costs  shown  in  Tables  1 and  2 
for  the  WANG  System  and  the  DATA  GENERAL  System,  respectively,  are  based 
on  a General  Services  Administration  discount  of  approximately  15 
percent,  which  is  standard  for  these  types  of  components. 

Both  systems  use  "Flexible-Disk,"  random-access  memory  to  store  the 
program  and  data.  There  have  been  no  extensive  technical  evaluations 
which  would  warrant  reconn, ending  one  of  these  two  terminals;  however, 
both  systems  have  been  proven  capable  for  commercial  application.  IBM, 
Hewlett  Packard,  and  others  have  introduced  similar  systems.  These  are 
not  included  in  the  analysis,  because  the  available  information  is  lim- 
ited. 


Dupl icate 


The  proposed  automated-facility  system  includes  the  costs  of  pro- 
curing duplicate  sets  of  system  equipment.  This  will  make  it  possible 
to  check  problems  of  interaction  between  a field  installation  and  a cen- 
tral facility,  including  the  transfer  of  data  streams.  In  addition,  it 
will  be  possible  to  verify  that  error-free  data  have  been  received  at 
the  central  facility,  and  that  methods  and  procedures  have  been  used  at 
the  field  installation  for  updating  files  and  keeping  adequate  data 
storage  available  for  current  data.  The  plan  insures  that  all  system 
equipment  which  will  be  used  at  the  field  installation  will  have  been 
checked  for  operational  status  before  application. 


Table  1 


Estimated  System  Costs  (Deceirtoer  1975), 
WANG  Laboratories,  Inc. 


Terminal  Equipment 

Model  2200-S  Processor 

$2,400.00 

Option  24  1/0  Controller 

1,600.00 

16k  Core  Memory 

3,400.00 

Model  2226  CRT 

2,600.00 

Interfaces  with  OPSCAN 

300.00 

Subtotal 


2.  Flexible  Disc  Memory 

(3  Discs,  786,432  bytes) 

3.  High-Speed  Line  Printer 

(80  columns) 

4.  Telephone  MODEM  and  Interfaces 

5.  Optical  Scanning  Corp 

OPSCAN  Model  17 

6.  Hand-held  Source  Data 

Digital  Recorders  (2) 


$10,300.00 

6,000.00 

3,300.00 

1 ,000.00 

11,500.00 


Total  Estimated  Costs 


5,000.00 

$37,100.00 


Table  2 
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Estimated  System  Costs  (December  1975), 
DATA  GENERAL 


1. 

Terminal  Equipment 

Model  8491  NOVA  3/12  Computer 

$4,590.00 

16k  MOS  Memory 

425.00 

Model  8432  Battery  Back-up 

340.00 

Model  8530  Auto  Progr.  Load 

170.00 

Model  4077  Assy  Line  Contr. 

128.00 

Model  4078  EIA 

43.00 

Model  6012  CRT 

2,300.00 

Interfaces  with  0PSCAN 

300.00 

Mounting  Rack 

950.00 

Subtotal 

$9,246.00 

2. 

Flexible  Disc  Memory 

Two  Model  6030  Flexible  Disc  Sets 
(786,423  bytes) 

6,120.00 

3. 

High-Speed  Line  Printer  - Model  31 

3,300.00 

4. 

Telephone  MODEM  and  Interfaces 

1 ,000.00 

5. 

Optical  Scanning  Corp 

OPSCAN  Model  17 

11,500.00 

6. 

Hand-Held  Source  Data  Digital 
Recorders  (2) 

5,000.00 

Total  Estimated  Costs  $36,166.00 
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0 MANPOWER  REQUIREMENTS  FUR  ONSITE  OPERATION 
OF  AUTOMATED  SYSTEM 


The  automated  system  design  has  been  based  on  maintaining  congru- 
ency with  an  operational  facility's  present  data-handl ing  procedures. 

The  defects  inherent  in  the  system  configuration  used  in  a field  experi- 
ment, which  did  not  guard  against  entry  errors,  have  been  eliminated  in 
the  revised  system.  Digital  cassette  tapes*  were  used  to  store  both  the 
programs  and  the  data,  and  had  to  be  changed  frequently.  For  instance, 
the  data  recorded  for  the  generator  sets  was  maintained  separately  by 
using  a different  cassette  for  each  generator  set;  this  resulted  in 
several  human  errors.  In  addition,  the  inability  to  use  digital  cas- 
settes in  a random-access  mode  of  operation  necessitated  considerable 
processing  time  to  produce  hard-copy  reports.  Report  processing  time 
was  15  minutes  with  digital  cassette  data  storage  techniques. 

The  difficulties  of  human  error  and  long  processing  time  have  been 
overcome  by  using  flexible  disks  to  record  data  and  data-processing  pro- 
grams. These  disks  are  designed  for  random  access,  so  that  the  produc- 
tion of  reports  in  hard-copy  form  is  reduced  to  less  than  2 minutes. 

The  storage  capacity  of  a single  flexible  disk  is  262,144  bytes;  thus, 
one  disk  can  store  all  the  programs  required  to  operate  the  system,  as 
compared  to  four  cassette  tapes.  The  additional  flexible  disks  vrtiuld 
store  all  the  input  data,  providing  524,288  bytes  of  storage.  This 
storage  capability  would  be  sufficient  to  record  both  operational  and 
maintenance  data  for  at  least  2 months  at  a typical  facility.  After  the 
data  is  transferred  automatical ly  to  a central  facility,  the  disks  will 
be  reusable.  The  facility  must  retain  information  entered  for  the  past 
month  to  produce  monthly  summary  reports.  Originally,  the  manual  pro- 
cedure kept  all  of  the  past  month's  data,  but  the  new  procedure  will 
store  the  summarized  trend  and  reference  data  necessary  to  prepare  fa- 
cil ity  reports. 

Field  experiment  indicates  that  O&M  personnel  can  use  the  automated 
system  with  minimal  training;  thus,  special  computer  operators  are  not 
required.  Furthermore,  using  hand-held  source-data  digital  recorders 
and/or  mark-sense  sheets  will  reduce  the  data- report ing  workload  on  O&M 
personnel  by  nearly  50  percent,  and  increase  the  time  available  for  more 
productive  work. 


* Digital  cassettes  were  initially  used  because  they  were  cheaper; 
however,  later  studies  indicated  that  they  were  not  cost-effective. 
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The  manpower  required  to  transfer  the  recorded  data  in  a useful 
form  to  a central  facility  (a  central  clearinghouse)  is  negligible.  A 
telephone  connection  is  first  made  between  the  terminals  at  the  facility 
and  a central  location;  next,  the  reading  and  transcription  of  the  data 
stored  on  the  flexible  disks  is  designated  for  storage;  finally,  tran- 
scription onto  comparable  disks  at  the  central  facility  is  accomplished 
in  less  than  5 minutes  at  normal  data-transmission  rates. 


10  RECOMMFNDED  DATA-BANK  ORGANIZATION 
AND  CLEARINGHOUSE  OPERATION 


Data  Bank 

Figures  5,  6,  7,  and  8 illustrate  data  collection,  storage,  and 
usage. 

Historical  data  should  be  entered  on  CRAM  forms  (not  statistically 
analyzed)  which  are  similar  to  Office  of  the  Chief  of  Engineers  (OCE) 
Forms  I and  II.  This  form  is  currently  being  refined  for  RAM  and  LCC 
data-bank  application.  When  this  is  completed,  the  source  data  can  be 
organized  and  the  filled-out  form  used  as  a RAM/LCC  data  bank.  Since 
forms  are  structured  for  computer  processing,  they  can  be  kept  as  they 
were  originally  and  stored  manually,  or  be  keypunched  and  stored  by  the 
computer.  This  data  can  also  be  microfilmed  at  the  site;  processing  can 
be  done  offsite,  and  checking  and  screening  for  duplication  and  error 
can  be  done  by  a central  clearinghouse. 

The  data  collected  will  be  computer-processed,  using  OCE  data  pro- 
cedures to  create  a data  bank  of  input  information  (not  statistically 
evaluated)  on  magnetic  tape  for  RAM  and  LCC.  The  data  collected  can  be 
filed  manually,  creating  a manual  data  bank  which  will  be  copied  period- 
ically for  use  in  manual  statistical  evaluation.  The  data  output  from 
this  system  would  be  the  events  affecting  mean  time  before  failure 
(MTBF)  and  mean  time  to  repair  (MTTR),  i.e.,  chronology,  failure,  main- 
tenance, repair,  and  time  for  parts  delivery.  Load-profile  information 
would  be  included,  if  available. 

Present  and  future  data  will  be  collected  with  machine  aids  to  form 
a statistically  evaluated  data  bank.  Computer  aids  will  be  used  to  re- 
trieve nonstatistical  EMS-RAM  data.  This  data  will  be  computer-pro- 
cessed, using  the  OCE  data  procedures  computer  program.  This  will 
create  an  EMS-RAM  data  bank  on  magnetic  tape  of  stati stical ly  analyzed 
RAM  type  data,  with  an  expected  confidence  of  approximately  95  percent. 

Manual  methods,  aided  by  a programmable  calculator,  can  also  be 
used  to  store  data.  EMS-RAM  data  can  be  retrieved  manually  from  a com- 
puter-created data  bank  or  from  a manually  created  data  file;  together 
with  the  calculator,  this  data  can  be  used  to  make  statistical  estimates 
of  MTBF  and  MTTR,  based  on  the  Weibull  failure  rate  distribution  func- 
tion. This  will  manually  create  an  EMS  RAM  data  bank  (statistically 
supported),  with  an  expected  confidence  of  approximately  50  percent. 
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Figure  5.  Data  collection  methodology. 


Figure  6.  Data  storage  methodology  (no  statistical  evaluation). 


Figure  7.  Data  storage  methodology  (statistically  evaluated) 


Figure  8.  Data  usage  for  RAM  assessment. 


Clearinghouse  Operation 


The  central  clearinghouse  operation  has  several  functions: 

1.  Checking  and  screening  incoming  information  for  duplication  and 
error. 

2.  Verifying  that  information  is  correct. 

3.  Executing  the  means  of  putting  information  in  a nonstati stical 
data  bank. 

4.  Distributing  the  information  from  the  nonstati stical  data  bank 

5.  Physically  analyzing  and  updating  the  data  bank 

6.  Distributing  RAM  information. 


11  CONCLUSIONS 


This  research  has  produced  the  following  conclusions: 

Revisions  to  OCE  Forms  I and  II  will  improve  RAM  and  LCC  analysis 
by  providing  the  capability  to  enter  discrete  segments  of  data  and  to 
categorize  such  segments  automatically. 

An  automated  system  will  improve  the  means  of  acquiring  source  data 
and  will  reduce  the  costs  of  data  acquisition,  reduction,  analysis, 
storage,  and  retrieval  procedures  by  2 to  5 cents  per  data  frame. 

An  automated  system  will  benefit  OSM,  cost  reporting,  and  super- 
visory personnel,  as  well  as  personnel  requiring  RAM  analyses. 

An  automated  system  requires  only  minimal  training  for  O&M  person- 
nel , but  can  reduce  their  data-reporting  workload  by  nearly  50  percent. 


APPENDIX  A: 

ANALYTICAL  TECHNIQUES  AND 
DATA  SOURCE 


Analytical  Techniques  for  Assessing  EMS  and 
Electrical  and  Mechanical  Equipment  (EM'E)  ftAM 

Since  EMS  and  EME  are  repairable  and  maintainable  throughout  the 
life  of  the  equipment,  a literature  search  was  conducted  to  determine 
current  techniques  in  assessing  their  RAM  factors.  Applicable  litera- 
ture references  and  annotated  couments  have  been  included. 

Literature  review  has  shown  that  limited  work  was  done  in  devel- 
oping new  analytical  techniques  to  assess  the  RAM  of  such  EMS  and  EME. 
Further  research  and  development  will  be  required  to  develop  generalized 
procedures  for  assessing  the  RAM  of  general  EMS  and  EME  which  con- 
tinuously need  maintenance  and  repairs. 

1.  Amstadler,  B.  L.f  Prediction  of  System  Reliabil ity  by  Method  of 
Bounds , Reliability  and  Mai ntainabil ity  Symposium,  Boston,  MA  (1968),  pp 
423-448.  The  system  reliability  was  determined  by  initially  calculating 
the  upper  and  lower  reliability  limits  and  then  combining  the  results  to 
arrive  at  the  final  overall  system  reliability.  In  this  analysis,  main- 
tained systems  have  been  ignored;  however,  the  methodology  presented  is 
unique,  because  reliability  estimates  were  treated  as  mathematical  limit 
probl ems. 

2.  Billington,  Ray,  "Bibliography  on  the  Application  of  Proba- 
bility Methods  in  Power  System  Reliability  Evaluation,"  IEEE  Transaction 
on  Power  Apparatus  and  Systems,  Vol  DAS-91,  No.  2 (March/April  1972),  pp 
649-660.  Tnis  article  presented  a computer-aided  procedure  for  deter- 
mining reliability  of  serial  and  redundant  components.  The  procedure  is 
not  capable  of  handling  repairable  equipment. 

3.  Burjacott,  John  A.,  "Network  Approaches  to  Finding  the  Re- 
liability of  Repairable  Systems,"  IEEE  Transaction  on  Reliability,  Vol 
R-19,  No.  4 (November  1970),  pp  140-146.  This  paper  presented  a bibli- 
ography  for  the  power-system  reliability  evaluation,  but  none  of  the  en- 
tries considered  all  the  factors  related  to  estimating  the  reliability 
of  maintained  systems. 

4.  Cici,  A.  S. , and  V.  0.  Muglia,  "Computer  Reliability  Opti- 
mization System,"  IEEE  Transactions  on  Reliability,  Vol  R-20,  No.  3 
(August  1973),  pp  110-116.  Two  approaches  were  described:  (1)  succes- 
sive reduction  of  the  network,  and  (2)  nominal  paths  or  cuts.  Of  the 
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two  methods  presented,  only  the  series/parall el  system  approach  appears 
to  be  practical.  Manpower  allocation  was  not  considered. 

5.  Feely,  John  M. , A Method  of  Predicting  and  Apportioning  System 
Effectiveness  Estimators,  16th  Annual  West  Cost  Reliability  Symposium, 
Beverly  Hills,  CA  (February  1969),  pp  135-155.  This  paper  presented  the 
system  organization  of  computer  programs  written  to  handle  reliability 
calculations  covering  design,  production,  and  field  application  phases 
applicable  to  electronic  systems.  The  computer  programs  do  not  consider 
maintained  components. 

6.  Fleming,  Janus  L.,  "Relcomp:  A Computer  Program  for  Calcu- 
lating System  Reliability  and  MTBF,"  IEEE  Transactions  on  Reliability, 
Vol  R-20,  No.  3 (August  1971),  pp  102-107.  This  paper  presented  a 
method  for  determining  the  availability  and  reliability  of  pseudo-main- 
tained  systems.  This  method  does  not  allow  for  multiple  failures  nor 
does  it  consider  manpower  availability  directly. 

7.  Kim,  Y.  H.,  K.  E.  Case,  and  P.  M.  Ghare,  "A  Method  for  Com- 
puting Complex  System  Reliability,”  IEEE  Transactions  on  Reliability, 

Vol  R-21,  No.  4 (November  1972),  pp  215-219.  This  paper  presented-! 
method  for  converting  a series/ parallel  system  of  components  into  a 
probalistic  graphical  format.  The  graphical  result  was  used  to  compute 
reliability.  Only  nonrepai rabl e components  can  be  considered  in  this 
method  of  analysis. 

8.  Krishnamurthy,  E.  V.,  and  G.  Komissar,  "Computer-Aided  Re- 
liability Analysis  of  Complicated  Networks,"  IEEE  Transactions  on  Re- 
liability, Vol  R-21,  No.  2 (May  1972),  pp  86-881  The  algorithm  pre- 
sented a process  whereby  a complicated  network  of  components  was  reduced 
into  smaller  sets  of  manageable  parts  before  reliability  calculations 
were  made.  This  methodology  only  considered  nonrepairable  components. 

9.  Spann,  A.  C.,  "A  Synergistic  Reliability  and  Maintainability 
Prediction  Package,"  Proceedings  of  the  1973  Annual  Rel iabil ity  and 
Maintainabil ity  Symposium  (January  23-25,  1973),  pp  542-549.  This  paper 
presented  an  onl ine  system  for  computing  the  reliability  of  a maintained 
system  which  considered  maintenance  policy  and  spare  parts  inventory; 
however,  the  procedure  requires  all  models  to  be  in  serial  (or  reducible 
to  serial)  form.  Furthermore,  the  procedure  does  not  provide  for  man- 
power allocation.  Although  the  program  appears  to  be  the  closest  simu- 
lation system  available  for  handling  repairable  systems  of  arbitrary 
configurations,  the  procedure  appears  to  be  too  restrictive  for  general 
appl ication. 
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10.  Tiger,  Bernard,  System  Effectiveness  by  Computer,  Reliability 
and  Maintainability  Symposium,  San  Francisco,  CA  (1972),  pp  59-67.  This 
paper  presented  a simple  computer-aided  method  for  calculating  MTBF 
availability  and  survival  of  complex  systems;  however,  the  repair  time 
must  be  relatively  small  as  compared  to  the  MTBF  of  the  system  for  the 
approximation  to  be  valid.  The  procedure  is  limited  to  series  models 
only. 

11.  Van  Slyke,  R.,  and  H.  Frank,  "Network  Reliability  Analysis, 
Part  1,"  Networks , Vol  1,  No.  3 (1972),  pp  279-290.  Although  the  title 
appeared  to  be  appl icable  to  the  situation,  this  procedure  used  a commu- 
nication type  of  network  modeling  which  was  described  by  nodes  and  links 
and  which  were  subject  to  failure.  This  methodology  did  not  really  ad- 
dress the  problem  of  repairable  component  reliability. 

12.  Vokac , T.,  R.  L.  Burke,  and  C.  L.  Muriby,  Steady  State  Avail- 
ability of  Power  Systems,  Electronic  Computer  Program  Abstract,  Program 
Number  712 -C8-R 501B  (U.S.  Army  Construction  Engineering  Research  Labora- 
tory [CERL],  December  1973).  The  computer-aided  procedure  was  origi- 
nally developed  to  determine  the  availability  of  maintained  electric- 
power  generation  and  distribution  systems  having  "N"  numbers  of 
identical  power  generation  modules,  up  to  four  motor  generator  sets,  and 
up  to  three  commercial  power  interties  in  parallel  operations.  The 
power  generation  module  is  treated  as  having  "M"  number  of  series  equip- 
ment and  further  allows  consideration  of  equipment  operation,  corrective 
maintenance,  and  preventive  maintenance  activities.  Even  though  the 
procedure  was  created  solely  for  the  power  generation  and  distribution 
system  availability  assessment,  the  procedural  approach  can  be  readily 
applied  to  a wide  range  of  maintained  electrical/mechanical  systems  and 
equipment.  This  computer-aided  procedure  as  currently  written  cannot  be 
easily  adapted  to  any  el ectrical /mechanical  system. 


Identification  of  Mission  Critical  EMS  Installation 
Within  a Fixed  Mil  itary  Install ation 

A detailed  review  by  BAARINC  of  Army  Regulation  415-28  identified 
12  different  types  of  EMS  which  were  necessary  to  support  Army-construc- 
ted facilities  operation.5  Then,  each  EMS  was  placed  into  a simulated 
failure  state  to  determine  whether  any  of  the  identified  EMS  failures 
caused  "risky"  or  "hazardous"  operation  for  the  facility  classes  when 
completing  their  intended  missions;  "risky"  operation  was  defined  as  a 


5 Department  of  the  Army  Facility  Classes  and  Construction  Categories, 
AR  415-28  (Department  of  the  Army,  10  August  1973);  Booz,  Allen  Ap- 
plied  Research  Inc.,  Data  Systems  Procedures,  AD871151L  (Department 
of  the  Army,  May  1970J! 
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chance  that  a future  facility-class  mission  would  be  aborted  because  of 
EMS  failure.  "Hazardous"  operation  was  defined  as  a chance  that  a 
future  facility-class  mission  would  be  aborted  because  of  physical  EMS 
failure  causing  damage  to  either  the  facility  and/or  to  the  operating 
personnel.  Table  1 of  the  review  by  BARRINC  presents  the  resulting 
failure-state  analysis. 

In  order  to  identify  the  critical  EMS  installation,  all  the  "risk" 
and  "hazard"  events  were  summarized  as  a function  of  EMS  and  facility 
group  class.  The  letters  "H"  or  "R"  were  assigned  to  the  "hazard"  and 
"risk"  situations,  respectively,  and  if  both  situations  existed,  the 
letters  "R,H"  were  assigned.  Then,  the  "R"  and  "H"  were  totaled  for 
each  EMS,  and  the  respective  percentages  were  calculated.  Table  2 of 
the  BAARINC  review  presents  the  resulting  matrix.  However,  the  summary 
did  not  clearly  indicate  the  hierarchy  of  critical  EMS;  therefore,  the 
results  of  Table  2 were  further  categorized,  based  on  "R,"  "H,"  and 
"RAH"  events,  and  the  EMS  ranked  based  on  highest  number  of  occurrences 
in  "R"  "H"  and  "RAH."  Table  3 of  the  review  presents  the  resultant 
ranking.  The  results  shown  in  Table  3 indicate  that  some  of  the  EMS 
were  commonly  ranked  high  (within  the  first  five)  vrfien  "R"  "H"  and 
"RAH"  events  were  considered  separately.  Based  on  the  number  of  "R" 

"H"  and  "RAH"  occurrences  within  the  first  five  rankings,  the  events 
were  reranked  as  a function  of  EMS.  The  results  of  the  ranking  are  pre- 
sented as  Table  4 of  the  BAARINC  review. 

The  data  in  Table  4 show  firefighting,  water,  and  sewage  systems  to 
be  the  highest  ranking.  However,  the  current  design  practices  consider 
the  EMS  of  these  three  in  great  detail,  and  they  are  built  in  accordance 
with  national  codes;  therefore,  these  EMS  were,  in  effect,  el iminated 
from  further  consideration.  The  remaining  EMS  included  electrical, 
lighting,  heating-ventilation-air  condition  (HVAC),  chemical  handling, 
fuel,  and  pneumatic  systems  as  possible  critical  EMS.  One  of  the  common 
needs  of  the  remaining  EMS  was  electrical  power  both  to  drive  the  prime 
mover  involved  with  HVAC,  chemical  handling,  and  the  pneumatic  system, 
and  to  provide  lighting.  Therefore,  the  most  critical  EMS  would  be 
electric-power  distribution  and/or  electric-power  generation  systems. 

, This  should  be  followed  by  the  HVAC  system. 


Identification  of  Available  Data  Types 
From  Historical  Records 

Using  the  previously  identified  critical  EMS  (electrical  power  gen- 
eration and  distribution  system)  as  a reference,  the  data  collection  ef- 
forts were  accomplished  during  September  and  October  1973  as  a joint 
effort  between  Kwajalein  Missile  Range  ( KMR ) , OCE's  Advanced  Technology 
Branch,  and  the  U.S.  Army  Construction  Engineering  Research  Laboratory 
(CERL),  using  the  BAARINC  source-data  acquisition  procedure.  This  site 
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was  selected  because  the  power  plant  was  continuously  operated  to  pro- 
vide electric  power  and  because  data  on  the  same  power  plants  had  been 
collected  from  1%?  to  1066.  The  1966  to  1973  data  was  collected  from 
the  following  KMR  power  plants: 


Power  Plant  No.  1 (ZAR) 
Power  Plant  No.  2 (BATTERY) 
Roi  Namur  Power  Plant 

Meek  Island 


Nine  - 1500  kW,  327  rpm 
Cooper  - Bessemer/EMC 

Six  - 800  kW,  450  rpm 
White/Westi nghouse 

Nine  - 1500  kW,  900  rpm 
Alco/Westi nghouse 

Nine  - 1500  kW,  900  rpm 
General  Motors/Electric  Product 


Illeginni  Power  Plant 


Four  - 800  kW,  1200  rpm 
Caterpi 1 1 ar/KATO 


The  collected  data  was  analyzed  at  CERL,  using  the  0CE  procedure. 

Even  though  the  collected  data  was  extensive,  and  the  data  reduction 
efforts  were  limited  to  the  Roi  Namur  Power  Plants,  some  needed  data  was 
missing:  the  maintenance  foreman/engineer  logs  and  the  maintenance 
technical  reports.  As  a result,  only  gross  availability  assessment  and 
overall  ICC  assessment  were  possible. 


Identification  of  Available  Data  Type  From  Current  Records 

To  identify  current  data  availability,  a diesel-electric  power 
plant  was  selected  for  study,  since  historical  data  was  also  collected 
on  such  power  plants.  A search  to  determine  vrfnch  military  installation 
was  generating  electricity  continuously  revealed  that  the  USAF  SAGE 
Power  Plant,  25AD,  McChord  AFB,  Tacoma,  WA,  had  a continuously  operated 
diesel-electric  power  plant. 

Using  past  data-collecting  experience,  researchers  reviewed  the 
plant  to  insure  that  all  the  data  necessary  for  assessing  RAM  and  LCC 
would  be  available.  The  study  indicated  that  all  the  necessary  data  was 
available;  however,  data  older  than  2 years  was  not  available  on  the 
base  in  conformance  with  a Government  regulation;  i.e.,  after  2 years, 
all  the  data  is  sent  to  the  central  archives  to  the  USAF  Air  Defense 
Command. 
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Identification  of  Current  Sources  of  RAM  and  LCC  Data 


A study  identified  the  following  current  data  sources  which  could 
be  used  to  obtain  RAM  and  LCC  data  for  EMS: 

1.  An  AFM-66-1  data  bank  maintained  by  the  U.S.  Air  Force  for 
parts  replacement  logistics  on  the  Minuteman  Missile  Systems. 

2.  A 3M  data  bank  maintained  by  the  U.S.  Navy  for  general  parts 
replacement  logistics. 

3.  A RAM  data  bank  developed  by  the  U.S.  Army  to  support  SAFEGUARD 
system  development. 

4.  A Government  Industry  Data  Exchange  Program  (GIDFP)  data  bank 
maintained  by  Tri  Service  for  assessing  RAM,  which  is  currently  being 
administered  by  the  U.S.  Navy  Missile  Fleet  Analysis,  Corona,  CA. 

Since  the  purpose  of  the  study  was  to  determine  data  sources  for 
assessing  RAM,  the  Air  Force's  AFM-66-1  and  the  Navy's  data  banks  were 
reviewed  and  found  to  be  unsuitable  because  the  replacement  data  within 
these  data  banks  did  not  justify  why  the  parts  were  replaced. 

The  data  bank  prepared  for  SAFEGUARD  systems  development  is  a suit- 
able source,  but  the  data  bank  is  insufficient  to  support  all  EMS  RAM 
assessment  studies.  Currently,  the  data  bank  primarily  has  data  on  the 
power  plant,  but  does  not  cover  all  types  and  sizes  of  diesel -el ectric 
generator  sets. 

The  GIDEP  data  bank  is  maintained  by  the  Tri  Services  (Army,  Navy, 
and  Air  Force)  and  the  National  Aeronautics  and  Space  Administration 
(NASA).  It  was  originally  a cooperative  venture  between  the  user  indus- 
tries and  the  Government  (Tri  Service)  for  exchanging  information  on 
electronic  component  performance.  The  user  industries  --  i.e.,  indus- 
tries that  use  components  such  as  transistors,  capacitors,  resistors, 
etc.,  and  that  manufacture  electronic  equipment  for  the  Government  agen- 
cies' consumption  --  would  report  failures  or  suspected  problem  areas 
with  certain  component  manufacturers.  This  information  was  passed  on  to 
all  participating  Governmental  agencies  and  industries.  The  shared  data 
was  used  to  obtain  greater  reliability  from  the  final  product  and  as  a 
cost-avoidance  factor  for  the  project. 

As  a result  of  the  rapidly  increasing  operating  and  maintenance 
costs  and  the  need  for  more  reliable  products,  the  Energy  Resources  and 
Development  Agency,  the  Mine  Enforcement  and  Safety  Administration,  and 
the  U.S.  Postal  Service  have  become  participating  members  of  GIDEP  in 
hopes  of  reducing  their  operation  costs  through  cost-avoidance  programs. 
The  data  currently  being  entered  into  GIDEP  has  been  expanded  to  include 
electrical  and  mechanical  equipment. 
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DIESEL  POWER  PLANT  OPERATING  LOG  tDIESKL-ELECTRIO 
<AF  1167  HOD  * 

COhMfiND  HOC  BASE  MCCHORD  AF  BAM  SHE  SAGE  POWER  PLANT  DP  IE  21  RPR  75 
ENOINE  PUS  5 OF  6 ENTERPRISE  MODEL  DSO-3R,  HP-1755;  SERIAL  NUMLF R 57047 
GENERATOR;  ELLIOT  SERIAL  NUMBER  5S-10537  RATING  1258KW 

REVIEWING  ENGINEER  . DATE  REVIEWED  

CMRONOLOG ICRL  HISTORY  A REMARKS 

TIME 

0345  FUEL  TRUCK  ARRIVED,  ?500  GALS. CORRECTED  TO  7535 
PUT  INTO  TANK  HI 

0410  ROCKER  ARM  INSPECTION-  COMPLETED,  ALL  NORMAL 
0900  FUEL  TRUCK  hRKIVED.  7500  GALS,  C ORRECTED  TO  7535 
1300  ROCKER  ARM  INSPECTION  COMPLETED,  ALL  NORMAL 
1530  CMHNUfcD  DROOPS  AND  LOADED  M DEO 
1545  ROCKER  ARM  INSPECTION  COMPLETED,  ALL  NORMAL 
2030  LOAD  BALANCED  TO  NORMAL 


SUMMARY  DIESEL  FUEL  « LUBE  OIL  USAGE 


METER  658707 
METER  PktV  DAY  657249 
NET  USED  1458 


PAV  TANK  PREV  24751 
ADDED  TODAY  0 
PUNNING  TOTAL  24751 


CARRY  FORWARD 
RECEIVED 
SUBTOTAL 
USED  TODAY 
ON  HAND 


PLANT 

DIESEL  LURF 
107251  1540 

15070  O 

122321  154# 

3286  O 

119035  1540 


ENGINE  OPEF:  HOURS 
PREV  TOTAL  46943 
TODAY  24 

NET  TOTAL  46967 


ENGINE  EXHAUST 
CLEAR  X 
VISIBLE 
DARK 

TIME  900 

OPERATING 


STATION  BATTERIES 
TRICKLE  X 1 AMPS 

CHARGING  122  VOLTS 

WATER  ADDED*  YES 
X NO 

FLRSONNEL 


<1> 


<2> 


<3> 


supv 


i 
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TIME 

JKT 

H20 

LUOE 

OiL 

TURBO  DAV 

CVL 

CVL 

CVL 

CVL 

CVL 

CVL 

LSI. 

CVL 

FROM 

IN 

OUT 

IN 

OUT 

OUT 

TANK 

• 1 

02 

03 

04 

03 

•6 

07 

08 

I URBO 

0 

131 

136 

133 

170 

160 

0 81 

660 

683 

680 

640 

690 

660 

670 

655 

600 

100 

131 

136 

153 

170 

160 

8.  69 

660 

60S 

673 

640 

690 

660 

660 

635 

600 

200 

131 

136 

135 

170 

160 

e.  94 

670 

698 

675 

643 

690 

660 

670 

635 

605 

300 

131 

157 

133 

170 

160 

0 88 

670 

603 

680 

648 

693 

663 

6*3 

66‘< 

610 

400 

131 

157 

135 

170 

160 

0 63 

670 

600 

680 

640 

690 

678 

670 

660 

610 

500 

132 

156 

135 

170 

160 

• 88 

660 

608 

678 

640 

680 

660 

660 

660 

60O 

600 

132 

156 

155 

170 

ICO 

8 69 

640 

660 

660 

623 

665 

640 

670 

640 

385 

700 

149 

134 

133 

170 

159 

0 73 

630 

668 

660 

620 

660 

640 

6-10 

640 

580 

000 

131 

134 

134 

170 

160 

8 75 

675 

708 

695 

660 

710 

683 

700 

685 

640 

900 

130 

161 

133 

171 

162 

0 63 

710 

730 

723 

693 

735 

700 

71 U 

70O 

643 

10O0 

130 

162 

136 

171 

1 62 

0 01 

713 

733 

725 

693 

735 

703 

713 

703 

643 

lieu 

131 

162 

133 

172 

162 

0 63 

723 

743 

723 

780 

740 

713 

720 

703 

€53 

1200 

131 

162 

133 

172 

162 

0 88 

720 

733 

725 

693 

733 

710 

720 

703 

1300 

151 

163 

133 

172 

162 

0 63 

760* 

783* 

770* 

740 

795* 

730 

765* 

740 

693 

1400 

131 

161 

136 

172 

163 

0 88 

700 

723 

715 

680 

725 

690 

700 

680 

625 

1300 

131 

160 

156 

172 

163 

8 69 

690 

713 

713 

673 

713 

693 

€95 

€83 

€2«. 

1600 

134 

139 

133 

170 

160 

0 63 

630 

600 

673 

643 

680 

650 

640 

633 

365 

1700 

140 

140 

152 

167 

152 

0 88 

490 

320 

540# 

490 

525 

480 

4:0# 

493 

430 

1800 

136 

140 

132 

165 

152 

0 73 

473 

300 

538 

475 

310 

460 

500 

470 

440* 

1900 

132 

136 

152 

164 

150 

0 69 

440 

463 

493 

440 

475 

420 

300 

430 

4209 

2000 

130 

134 

151 

164 

150 

0 63 

440 

470 

300 

448 

4 73 

435 

4«*S 

430 

42^* 

2100 

130 

133 

153 

169 

160 

0.  88 

663 

683 

680 

630 

675 

6*35 

6/5 

660 

610 

2200 

130 

156 

133 

170 

160 

0 69 

670 

698 

680 

630 

690 

653 

€70 

€€3 

610 

2300 

149 

154 

154 

170 

159 

0 63 

660 

688 

680 

640 

680 

650 

663 

660 

€00 

ENGINE  PRESSURES  <PSI>  ELECTRIC  GENERATOR 


TIME 

COOL 

LUBE 

FUEL 

TURBO 

AIR 

TURBO 

ALT 

AMPS 

AMPS 

AMPS 

KW 

KVAP 

FXCITOR 

H20 

OIL 

OIL 

OIL 

MAN  I 

VI8R 

TEMP 

PH#i 

PH#  2 

PH#  3 

OP 

AMPS 

IN 

IN 

IN 

IN 

IN 

PF 

o c 

0 

13 

46 

28 

37 

4 

0 

normal 

60 

140 

825 

S9 

10U 

13 

46 

28 

37 

4 

0 

NORMAL 

60 

140 

140 

140 

82* 

88 

84 

200 

13 

46 

28 

37 

4 

1 

NORMAL 

60 

140 

85» 

88 

300 

13 

46 

28 

37 

4 

2 

normal 

60 

140 

850 

08 

400 

13 

46 

28 

37 

4 

2 

NORMAL 

60 

140 

850 

88 

500 

13 

46 

28 

36 

4 

2 

NORMAL 

38 

140 

825 

88 

600 

13 

46 

28 

36 

4 

0 

NORMAL 

38 

140 

825 

96 

700 

13 

46 

28 

37 

4 

1 

NORMAL 

38 

130 

775 

88 

800 

13 

46 

27 

36 

4 

s» 

normal 

37 

133 

800 

85 

900 

13 

46 

27  . 

?s 

4 

5 

normal 

68 

150 

138 

150 

900 

69 

06 

1000 

13 

46 

27 

33 

4 

4 

normal 

63 

150 

925 

86 

1100 

13 

46 

27 

33 

4 

4 

NORMAL 

63 

130 

92*.. 

09 

1200 

13 

46 

27 

33 

4 

4 

NORMAL 

£3 

150 

925 

69 

1-100 

13 

46 

27 

33 

4 

6 

normal 

63 

130 

900 

87 

1400 

13 

46 

27 

33 

4 

8 

NORMAL 

63 

163  ♦ 

1000 

88 

15O0 

13 

46 

27 

33 

3 

9 

NORMAL 

63 

140 

830 

88 

1600 

13 

46 

27 

33 

3 

4 

NORMAL 

63 

140 

723 

88 

1700 

12 

47 

27 

36 

2 

2 

NORMAL 

33 

60 

80 

80 

500 

87 

71 

1800 

12 

47 

27 

36 

2. 

2 

normal 

32 

80 

430 

87 

1900 

12 

47 

27 

36 

1 

9 

NORMAL 

31 

70* 

400 

89 

2000 

12 

47 

27 

36 

2. 

0 

NORMAL 

38 

72* 

480 

88 

2100 

13 

43 

27 

33 

4. 

e 

NORMAL 

38 

130 

800 

88 

2200 

13 

43 

27 

33 

3 

9 

NORMAL 

39 

130 

775 

P8 

2300 

13 

43 

27 

33 

3. 

9 

NORMAL 

39 

138 

800 

87 
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